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(54) FORMATION OF APATITE THIN COATING 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce the influence of heat on a substrate and to efficiently form good crystal coating by 
prescribing the pressure of gas, the temp, of the substrate and the thickness of the coating in the process of coating 
formation. 

SOLUTION: The pressure of gas is regulated to 1x10-3 to <5x 10-2Torr. In the case the pressure is high, the probability 
that the atoms sprung out from a target collide with the molecules of the gas till they reach the surface of a substrate 
increases to reduce the coating formation rate. The higher the temp, of the substrate is made, the higher the crystallinity 
of the coating increases, and it is advantageous from the viewpoint of making its coalescence with living bodies good, but, 
on the other hand, the influence of heat on the substrate is great, and its application to a substrate of the material weak in 
heat is difficult. But, by the regulation of the aforesaid gas pressure, the coating thickness discribed later or the like, even 
in the case the heating temp, of the substrate is made low, the crystal coating of good quality can be obtd. Thus, the 
heating temp, shall be regulated to >250" C. The coating thickness is regulated to the range of 0.3 to 50 \l m. In the case 
the coating is too thin, it often occurs that the crystal structure and characteristics of the material of its own can not be 
obtd. In the case the coating is too thick, the problems of the peeling of the coating and the roughening of the surface 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim l]In forming an apatite thin film by sputtering process to a biomechanical 
material substrate, A method for film deposition of an apatite thin film thickness as for 
which shall make gas pressure under membrane formation less than 5xl0~ 2 Torr, and more 
than lxlO" 3 Torr shall be not less than 250 ** in substrate temperature and, which forms 
membranes being 0.3 micrometers or more 50 micrometers or less [Claim 2]A method 
for film deposition of the apatite thin film according to claim 1 by which nitrogen (N 2 ) 
gas being included by 30 to 70% of within the limits with a pressure ratio in an inert gas 
atmosphere adjusted on the occasion of sputtering [Claim 3] A method for film deposition 
of the apatite thin film according to claim 1 or 2 using a sintered compact whose relative 
density is 55% - 80% for a target for sputtering [Claim 4]While using a Ca 2 P20 7 target 
for a target for sputtering, A method for film deposition of the apatite thin film according 
to any one of claims 1 to 3 more than 3xl0" 3 Torr making [ less than 5xl0~ 2 Torr ] gas 
pressure under membrane formation into substrate temperature of not less than 200 ** 
[Claim 5]A method for film deposition of an apatite thin film controlling a crystal 
structure of an apatite thin film after heat treatment on the occasion of heat treatment 
which raises the crystallinity of a film after membrane formation, and which is performed 
for accumulating by controlling a crystal structure of an apatite thin film before heat 
treatment, and a crystal structure of a Ca 2 P20 7 target 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the method for film deposition of the 
hydroxyapatite thin film covered in order to raise adhesion nature with a living body to 
the substrate of biomechanical materials, such as an artificial joint, a dental implant, an 
artificial blood vessel. 
[0002] 

[Description of the Prior Art] When biomechanical material substrates, such as an 



artificial joint, a dental implant, an artificial blood vessel, have been arranged in the 
living body, in order that they may adhere to a living body and may acquire better 
biocompatibility, the method of forming and covering a hydroxyapatite 
(Hydroxyapatite;HAp) film on the surface beforehand is taken. The bio-mimetic method, 
a sol gel process, etc. which are deposited using a chemical reaction in the plasma spray 
process which fuses the end of material powder in high-temperature plasma, is sprayed 
with inertness or reactive gas as a method for film deposition of this hydroxyapatite film, 
and is used as a film, or a solution are known. 
[0003] 

[Problem(s) to be Solved by the Invention]however ~ although there is a merit that a 
thick film is made for a short time when it covers with a plasma spray process ~ that a 
film becomes a split face ****-- porous one -- ** -- about - since it is accompanied by 
an elevated temperature, there is an adverse effect to a substrate, and there is a fault that 
covering to the detailed structured division and covering to a material weak with heat are 
difficult. In the bio-mimetic method or a sol gel process, there is a problem that the 
adhesion of that hot heat treatment is required after precipitate in order to use the 
precipitating sediment as a film, or a film is not acquired. 

[0004]This invention is made against the background of the above-mentioned situation, 
and is a thing. 

The purpose by adopting sputtering process as a membranous method for film deposition, 
By lessening thermal effect to a substrate and specifying a still more suitable sputtering 
condition, It is providing the method for film deposition of the apatite thin film which can 
solve a problem peculiar to sputtering process, like membrane formation speed's being 
slow, can obtain the film of the purpose presentation with sufficient reproducibility, can 
make the thermal effect to a substrate small further, and can generate a good crystal film 
efficiently. 

[0005] 

[Means for Solving the Problem]This invention is made against the background of the 
above-mentioned situation, a membranous structure and a presentation are controlled by 
changing gas pressure, substrate temperature, thickness, and other addition nitrogen gas 
partial pressures in sputtering process, and a crystalline improvement is further made by 
post annealing by request. In order to improve membrane formation speed, while making 
it hard to adjust density of a hydroxyapatite target and to damage, a target with which 
presentations differ performs presentation adjustment of a made film. 
[0006]Namely, among methods for film deposition of an apatite thin film of this 
invention the 1 st invention, In forming an apatite thin film by sputtering process to a 
biomechanical material substrate, thickness as for which shall make gas pressure under 
membrane formation less than 5xl0" 2 Torr, and more than lxl0" 3 Torr shall be not less 
than 250 ** in substrate temperature and which forms membranes shall be 0.3 
micrometers or more 50 micrometers or less. 

[0007] A method for film deposition of an apatite thin film of the 2nd invention contains 
nitrogen (N2) gas by 30 to 70% of within the limits with a pressure ratio in the 1st 
invention in an inert gas atmosphere adjusted on the occasion of sputtering. A method for 
film deposition of an apatite thin film of the 3rd invention uses a sintered compact whose 
relative density is 55% - 80% for a target for sputtering in the 1st or 2nd invention. 



[0008]In the 1st - the 3rd invention, while a method for film deposition of an apatite thin 
film of the 4th invention uses a Ca 2 P20 7 target for a target for sputtering, More than 
3xlO" 3 Torr makes [ less than 5xlO" 2 Torr ] gas pressure under membrane formation into 
substrate temperature of not less than 200 **. On the occasion of heat treatment which 
raises the crystallinity of a film after membrane formation and which is performed for 
accumulating, a method for film deposition of an apatite thin film of the 5th invention by 
controlling a crystal structure of an apatite thin film before heat treatment, and a crystal 
structure of a Ca 2 P20 7 target, A crystal structure of an apatite thin film after heat 
treatment is controlled. 
[0009] 

[Embodiment of the Invention]This invention aims at membrane formation of the apatite 
thin film to a living body substrate, and as long as it is a living body substrate, the use or 
service space, and construction material are not limited. Since especially this invention 
makes the thermal effect to a substrate small and can be formed at a lower temperature, 
restrictions of the construction material in a substrate become small, and the membrane 
formation to materials made difficult, such as a synthetic resin weak with heat, is attained 
in a conventional method. 

[00 10] At the time of sputtering, the range adjustment of gas pressure is indispensable and 
this gas pressure influences membrane formation speed and membraneous quality. In 
sputtering process, by the time the atom which jumped out of the target arrives at a base 
material surface, it will collide with a gas molecule. Therefore, when gas pressure is high, 
the atomic number which probability of collision increases and reaches a substrate 
decreases (the mean free path of sputtering atoms decreases), and the fall of membrane 
formation speed is caused. A sputtering gas molecule may become a cause by which stick 
to the membrane surface under membrane formation, it is incorporated into the inside of 
a film, and membraneous quality is worsened. This tendency is remarkable if especially 
reactant high gas is used. In order to form a good apatite thin film efficiently from these 
points, less than 5xl0" 2 Torr carries out [ more than lxl0" 3 Torr ] gas pressure. It is 
desirable that below 3xl0" 2 carries out [ more than 3xl0" 3 Torr ] for the same Reason. 
Since crystallinity will get worse if a pressure is high especially when a Ca 2 P207 target is 
used, it is desirable that below 3xl0" 2 Torr carries out especially. 
[001 l]It is desirable to use inactive gas, such as Ar, as an ingredient of the gas which 
constitutes the atmosphere in the case of sputtering, and it is desirable to include a proper 
quantity of nitrogen gas, as described above to this. In gas, a little gas of others, such as 
oxygen and a steam, may be included in addition to inactive gas. Also with the low 
substrate temperature which usually became amorphous easily, the good crystal film 
excellent in adhesion nature is obtained, and, less than [ this ], it is easy to become 
amorphous films by including the above-mentioned nitrogen gas not less than 30% with a 
pressure ratio. Since membrane formation speed will fall on the other hand if the pressure 
ratio of nitrogen gas increases and 70% is exceeded, it is desirable to make the pressure 
ratio of the nitrogen gas in atmosphere into 30 to 70%. 

[00 12] When gas, such as nitrogen and oxygen, is put in sputtering gas, compound 
membrane is made by the reaction of a target material and gas, or there are effects, such 
as supply etc. of the oxygen which suffered a loss, in an oxide. The surface energy at the 
time of crystal growth changes by adsorption to the film surface of reactive gas, and 
membrane structures, such as crystal orientation, change. Therefore, membrane structure 



is controllable if this phenomenon is used well. Energy control of the sputtering atoms at 
the time of sputtering can also be performed, and it can connect to control of 
membraneous quality or membrane structure similarly. 

[0013]The apatite of the thin film made into the purpose and the ingredient and the thing 
of the construction material from which a composing element differs can be used for the 
target used for sputtering. Even if it is a target of a different ingredient from the purpose 
thin film, as described above, the ingredient of a sputtering film is controllable by the 
pressure and quality governing of gas, use of two or more sorts of targets, etc. The 
structural change by annealing after sputtering can be planned, the sputtering thin film of 
a different structure from the purpose thin film can also be formed, and the structure of a 
target can be further defined in consideration of the above-mentioned gas pressure or 
quality governing. C^PiOj in which high-speed membrane formation of that in which an 
ingredient differs from an apatite film is possible as construction material of a target is 
desirable, and the sputtering film which consists of apatites using this target can be 
formed. 

[00 14] The sintered compact which has moderate relative density as a target is desirable. 
An apatite becomes easy to damage a target with heat stress, when the temperature of a 
target surface goes up like [ thermal conductivity is bad and ] sputtering process and the 
back side is cooled. Although what is necessary is just to reduce heat stress in order to 
avoid this, since the output at the time of sputtering must be made low for that purpose 
and membrane formation speed becomes slow, it is not an effective method. When 
especially the sintered density of a target is high, since it becomes a precise organization, 
if it is easy to be influenced by heat stress and target density is made low on the other 
hand, stress is eased to some extent and breakage of a target can be suppressed. Since the 
physical properties of material will change and it will lead to an improvement of thermal 
conductivity and a mechanical property if the organization of a target is changed, 
breakage of a target can be prevented. Ca 2 P20 7 mentioned above from this point is 
excellent. Since sputtering in high power will become possible if breakage of a target is 
lost, high speed film formation becomes possible. As for the relative density of the target 
which consists of these points to a sintered compact, it is desirable to consider it as 80% 
or less. It is desirable to make the minimum of relative density into 55% from restrictions 
of the manufacture of a sintered compact. 

[0015]The temperature of the substrate at the time of sputtering influences membranous 
crystallinity. In an apatite film, when substrate temperature is low, the made film 
becomes amorphous, but above a certain temperature, it becomes a crystalline film, and 
adhesion nature with a living body can be made good, or elution of the film by body fluid 
can be controlled. Since there is an effect which desorption of adsorption gas increases 
and controls the gas adsorption to a film when substrate temperature is high, it 
contributes also to the improvement of membraneous quality. Although the one where the 
temperature of the substrate from these points is higher will be good, it is one of these, 
and the thermal effect to a substrate becomes large and application to the substrate of 
weak construction material becomes difficult at heat. In this invention, since a good 
crystal film tends to be obtained by next annealing for that a good film is obtained by 
regulation of suitable gas pressure, or the control of thickness mentioned later, and this 
reason, even if it makes cooking temperature of a substrate low, a crystal film will be 
obtained. What is necessary is for the cooking temperature of a substrate just to be not 



less than 250 ** from these points. However, since a crystal film is obtained with lower 
substrate temperature when using Ca 2 P20 7 for a target, the cooking temperature of a 
substrate should just be not less than 200 **. 

[0016]The thickness of the apatite film formed on a substrate influences a membranous 
crystal structure. When a film is thin, it is not material original the crystal structure or the 
characteristic by which have distortion under the influence of a ground, or a reaction 
layer with a ground is made that a crystal grain is detailed, in many cases. Therefore, in 
order to obtain original character, a certain amount of thickness is required, and thickness 
may be 0.3 micrometers or more from this viewpoint. On the other hand, since the 
problem of exfoliation of a film or surface surface roughening will arise if thickness is 
too thick, the maximum of thickness shall be 50 micrometers. 

[00 17] After membrane formation by sputtering can improve crystallinity more by heat- 
treating. Specifically, it carries out by heating at the temperature of 500-1300 **. This 
heating is effective for a short time also, for example, an effect is seen with heating for 10 
minutes or more. If this heat treatment is performed in the atmosphere and oxygen and a 
steam, restoration of an oxygen deficiency and supply of moisture can also be carried out. 
It also becomes possible by controlling the crystal structure of a target (especially 
Ca 2 P20 7 ), and the crystal structure at the time of membrane formation (before heat 
treatment) at this time to control by heat treatment to a desired crystal structure. 
[001 8]It not only can perform easily the gap of a presentation and the control of structure 
which pose a problem by sputtering process, but according to this invention, it can 
increase membrane formation speed about 10 times over the past. Since it is 
conventionally weak with heat, membrane formation can form membranes to the resin 
etc. which were hardly made, and it becomes possible to aim at application expansion to 
biomechanical material products, such as an artificial blood vessel. 
[0019] 
[Example] 

(Working example 1) The sputtering system shown in drawing 1 was prepared, the 
substrate 3 has been arranged on the sample buck 2 so that the HAp target 1 may be 
countered, and sputtering membrane formation of the HAp film was carried out. four in a 
figure - another target electrode (negative pole) and 5 - a power supply section and 6 ~ 
as for a shutter and 10, a gas inlet and 8 are [ a turbine pump and 12 ] rotary pumps a 
pressure control valve and 1 1 an N 2 leak mouth and 9 a bara TRON vacuum meter and 7. 
At this time, the pressure of gas, substrate temperature, and thickness were changed, 
respectively, and change of membrane formation speed and membrane structure was 
investigated. 

[0020]First, in order to investigate change of the membrane formation speed by gas 
pressure, the gas pressure introduced in a device was changed with 5xl0" 3 , 7xl0" 3 , lxlO" 2 , 
2xl0" 2 , 3xl0" 2 , and 5xl0" 2 Torr, and membranes were formed. At this time, substrate 
temperature was set constant at ordinary temperature for RF output 75W, and membrane 
formation time 30 minutes. This result is shown in drawing 2 . It turned out between 1 - 
2xl0" 2 Torr(s) that membrane formation speed is the quickest so that clearly from a figure. 
However, when a pressure is low, it turns out that reduction of membrane formation 
speed does not come out so much compared with the case where it is high. 
[0021]Next, gas pressure was set constant 1.5xlO" 2 Torr, RF output 75W, and membrane 
formation 30 minutes, substrate temperature was changed with ordinary temperature, 200 



**, 250 **, and 300 **, and was formed, and diffraction intensity was measured. As a 
result, in the substrate of ordinary temperature, it turned out that a stacking tendency is 
seen above 250 ** as amorphous films are obtained and it is shown in drawing 3 , and a 
crystalline film (1 micrometer of thickness) is obtained. 

[0022]Gas pressure was fixed with 1 ,5xl0" 2 Torr, the substrate temperature of 300 **, and 
RF output 75W, the film to which thickness was changed with 0.21 micrometer, 0.33 
micrometer, 0.56 micrometer, and 1.13 micrometers by changing membrane formation 
time was formed, and the relation of the structure of thickness and a film was 
investigated. In addition, prolonged membrane formation was performed and diffraction 
intensity was measured so that thickness might be set to 50 micrometers and 60 
micrometers. As a result, it is what thickness made a thickness of about 0.5 micrometers 
or more as shown in drawinfi 4 , and it turned out that a good crystalline film is made. 
Although a 50-micrometer thing showed the same tendency among those which 
performed prolonged membrane formation, what formed membranes for the purpose of 
60 micrometers exfoliated with membranous remaining stress. From the above result, it 
became clear by controlling gas pressure, substrate temperature, and thickness suitably 
that a crystalline film can be manufactured efficiently. 

[0023](Working example 2), next the film formation condition of an apatite Gas pressure 
1.5xl0" 2 Torr, It presupposed that the substrate temperature of 240 **, 1 micrometer of 
thickness, and RF output 75W are constant, and the crystal structure at the time of 
introducing 80% and change of membrane formation speed were investigated for 
nitrogen gas 60% 40% 20% 0.5%, 1%, 5%, and 10% by flow rate in Ar controlled 
atmosphere. As a result, it was changeless until nitrogen gas resulted to 0.5% - 20%, but 
the crystalline film was obtained at 40%. Although the difference in the crystal structure 
in 40% and the nitrogen partial pressure not more than it was shown in drawing 5 . and 
not illustrated, the crystalline film was obtained by not less than 40% of the nitrogen flow 
quantitative ratio. However, as simultaneously shown in drawing 6 , when the 
introduction amount of nitrogen gas increased, the membrane formation speed at the time 
of sputtering also became slow. The above-mentioned result showed promoting 
crystallization of an apatite film by introducing a proper quantity of nitrogen gas. As for 
an introduction amount, although it is thought that a nitrogen gas introduction amount 
needs to exceed 20% at flow rate, since membrane formation speed becomes slow by 
nitrogen gas introduction on the other hand, it is desirable to determine, when the relation 
between a crystal structure and membrane formation speed has been discerned. That is, a 
nitrogen gas introduction amount has 30 to 70% of desirable within the limits at flow 
rate. 

[0024] (Working example 3) Since thermal conductivity is bad and the mechanical 
strength is weak, an apatite tends to damage a target with the heat stress generated at the 
time of sputtering membrane formation. Then, in order to make stress ease and to prevent 
breakage of a target, what made relative density at the time of sintering 98%, 90%, 80%, 
70%, 65%, 60%, and 55% in the apatite target was produced, and the endurance at the 
time of raising a sputtering output was investigated. The sintered compact target of 50% 
or less of density was not able to be produced. As for the test condition, gas pressure 
changed the RF output between 50-500W by 1.5xl0" 2 Torr. At this time, it held 5 minutes 
or more with each output, and the existence of breakage was investigated by viewing. As 
a result, as shown in Table 1 , the relative density of 98% at the time of sintering and 90% 



of target were damaged with the output of about 100 W. On the other hand, the target of 
80% or less of density was borne to the output 250W, and was damaged by 300W. 
Therefore, if relative density at the time of sintering of an apatite target is made into 80 to 
55% of within the limits, it will become possible to raise a sputtering output to 25 0W. 
[0025] 

[Table 1] 
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[0026] (Working example 4) In order to investigate the endurance by the presentation of a 
target, the target was changed into Ca 2 P20 7 (66% of sintered density) which is the same 
calcium phosphate system compound as an apatite, and durability test of the target was 
done like working example 3. As a result, although the target became red-hot by more 
than output 400W, even if raised to 600W, breakage did not take place. The membrane 
formation speed at the time of being 350W in which a target does not become red-hot 
was about 10 times the apatite in s in about 5.2A /from drawing 7 . It is better for using it 
in the state of red heat for a long time to avoid, since there is a possibility that the 
bonding processing part of a target and the back up plate for cooling may be dissolved 
and damaged when a target becomes red-hot. Therefore, although it is desirable to use it 
by less than 400W, if it is not used for a long time, you may use it by more than 400W. 
As mentioned above, high-speed membrane formation is attained by use of Ca 2 P20 7 . 
[0027] (Working example 5) In order to investigate the film formation condition of a 
Ca 2 P20 7 target with a quick membrane formation speed, gas pressure was changed with 
3xl0" 3 , 7xl0" 3 , 1.5xl0" 2 , and 5xl0" 2 Torr, and substrate temperature was changed with 
150, 200, and 250 or 300 **. Thickness and a sputtering output were constant 350W 
respectively, and when gas pressure was changed and they changed 300 ** and substrate 
temperature for substrate temperature, they considered 1 micrometer of gas pressure as 
1 .5xl0" 2 Torr regularity. 

[0028]Change of the membrane formation speed at the time of changing gas pressure was 
shown in drawing 8 . Although membrane formation speed becomes slow by the pressure 
which exceeds 1.5xlO" 2 Torr like an apatite, membranous crystallinity is maintained as 
shown in drawing 9 . Membranous crystallinity will get worse, if gas pressure reaches 
5xlO" 2 Torr. However, although not shown in a figure, it is checked that the crystal 
structure is maintained by the pressure not more than it, for example, the pressure of 
3xl0" 2 Torr. It turned out that the concentration of Lynn (P) decreases and a membranous 



presentation approaches the presentation of an apatite, so that gas pressure is high like 
drawing 10 . When substrate temperature is changed, as shown in drawing 1 1 , a crystal 
structure appears from 200 ** and it turns out that crystallization temperature is lower 
than an apatite. On the other hand, by this pressure, although the concentration of P was 
high compared with the apatite, it also turned out that a crystal structure turns into the 
same structure as an apatite. The film made although the Ca 2 P20 7 target differed in the 
presentation is an apatite, and more advantageous than the above-mentioned result at that 
in which about 10X membrane formation speed is from an apatite. [ using an apatite 
target rather than ] As for the film formation condition at this time, it is desirable to set 
substrate temperature as not less than 200 **, and to set gas pressure as the range of 3x10" 
2from 3 X io-3 j Qn R - g b ecause j t ^ uns t aD l e plasma that gas pressure is more than 3x10" 
3 Torr if it is a pressure not more than this in the case of RF sputtering, and a stable 
membrane formation speed is not obtained. 

[0029](Working example 6) As an apatite film, after forming amorphous films at gas 
pressure 1 .5xl0" 2 Torr, RF output 75 W, 1 micrometer of thickness, and ordinary 
temperature, in the atmosphere, it heat-treated by having changed cooking temperature 
into 400 and 500 or 600 ** for 1 hour, and change of the crystal structure was 
investigated. As a result, as shown in drawing 12 , when it heat-treats at the temperature 
of not less than 500 **, amorphous films are crystallized, and heat treatment is acting 
effectively. 

[0030] (Working example 7) Next substrate temperature was 300 **, at a temperature 
fixed 500 **, processing time was changed with 10 minutes, 60 minutes, and 120 
minutes, and the crystal film which formed other conditions on working example 6 and 
the conditions was heat-treated. As a result, as shown in drawing 13 , as for X diffraction 
intensity, it turns out that it becomes strong rapidly and crystallinity is improved even 
heat treatment for about 1 0 minutes. It turned out that orientation of the film is strongly 
carried out to a field (002) in this case. Compared with the thing of drawing 12 which the 
thing of this working example which heated the substrate at 300 ** formed at ordinary 
temperature, orientation has appeared strongly. 

It turns out that the crystal orientation of the film after heat treatment is controllable by 
changing the substrate temperature at the time of membrane formation. 

[0031] (Working example 8) There are alpha phase (Orthorhombic) made at a not less 
than 1200 ** elevated temperature and a parent phase (Tetragonal) made at the 
temperature not more than it in the compound of a Ca 2 P20 7 presentation of a hexagonal 
system further. Then, the difference in the crystal structure of a target investigated 
whether the structure of the made film would be influenced. Since all the made films 
became the same structure when the substrate temperature at the time of membrane 
formation was high, amorphous films were heat-treated at 500 ** like working example 6 
here, and the structural change was investigated. As a result, as shown in drawing 14 , the 
film after heat treatment turned into a film with not the structure of Ca 2 P20 7 but the 
structure of the apatite. On the other hand, although the intensity of the film (002) which 
formed membranes from the target of the alpha structure, or a field (112) became 
comparatively strong, the film which formed membranes from the target of beta structure 
became being the same as that of the diffraction pattern of the usual apatite powder 
whose intensity of a field (21 1) is comparatively strong. Therefore, it turned out that the 



structure of the film after forming membranes also when target structure is changed is 

controllable. 

[0032] 

[Effect of the Invention] namely, - while according to this invention a crystalline apatite 
film is made also at low temperature by the sputtering forming-membranes method and 
membrane formation to a weak substrate comes made to heat ~ membrane formation 
speed - the former - large -- it is large (for example, about 10 times) - it can carry out. 
It became generable [ the apatite film which controlled crystallinity ] by combining heat 
treatment after membrane formation. 



